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^ (54) Title: ADJUSTMENT CLAMP 
00 

® (57) Abstract: The invention provides an adjustment clamp suitable lor adjusting the tension of a material such as a cardiac support 
^ device. The adjustment clamp comprises a pair of interconnected, intersecting arms capable of rotating around a common axis. The 

arms each comprise a handle, a jaw and a shaft between the handle and jaw. The clamp also includes a latch opcrably mounted to 
S said handle, wherein the latches of the two arms are capable of engaging each other to secure the clamp at a desired position. In 

one embodiment, the jaw comprises a flat contact surface. In another embodiment, at least one jaw of one arm comprises a roller 
O assembly. Preferably, the clamp also includes a turning mechanism operably mounted to at least one roller assembly. The invention 

also provides methods for using the adjustment claim to increase tension in a material. In a preferred embodiment, the clamp is used 
^ to adjust the tension of a cardiac support device. 
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ADJUSTMENT CLAMP 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention pertains to a device and method for treating heart 
disease. More particularly, the present invention is directed to a method and device 
for treating congestive heart disease and related valvular dysfunction. 

Description of the Prior Art 

Congestive heart disease is a progressive and debilitating illness. The 
disease is 

characterized by a progressive enlargement of die heart. As the heart enlarges, the 
heart is performing an increasing amount of work in order to pump blood each heart 
beat In time, the heart becomes so enlarged the heart cannot adequately supply 
blood. An afflicted patient is fatigued, unable to perform even simple exerting tasks 
and experiences pain and discomfort. Further, as the heart enlarges, the internal 
heart valves cannot adequately close. This impairs the function of the valves and 
further reduces the heart's ability to supply blood. 

Causes of congestive heart disease are not fully known. In certain instances, 
congestive heart disease may result from viral infections. In such cases, the heart 
may enlarge to such an extent that the adverse consequences of heart enlargement 
continue after the viral infection has passed and the disease continues its 
progressively debilitating course. 

Commonly assigned U.S. Patent No. 5,702,343 to Alferness dated December 
30, 1997 discloses a jacket of biologically compatible material adapted to surround 
the heart and to be secured to the heart. The jacket is adjustable such that it may be 
adjusted to snugly conform to an external geometry of the heart and constrain 
circumferential expansion of the heart beyond the maximum adjusted volume during 
diastole while permitting unimpeded contraction of the heart during systole. 
The present invention pertains to an adjustment clamp for adjusting a cardiac 
support device such as that disclosed in the '343 patent. 
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SUMMARY OF THE INVENTION 

The present invention provides an adjustment clamp suitable for adjusting 
the tension of a material such as a cardiac support device. The adjustment clamp 
comprises a pair of intersecting anus interconnected about a common axis wherein 
the arms are capable of rotating around the common axis. The arms each comprise a 
handle, a jaw and a shaft connecting the handle and jaw. The handle preferably 
comprises a finger loop and a latch attached on the inferior surface of the handle. 
When the handles are pulled together, the latching surface of each latch causes the 
two arms to interconnect with each other, thereby locking the clamp at a desired 
position. The jaws of each arm comprise a clamping surface that is operably 
engaged when the handles are rotated toward each other. In one embodiment, the 
jaw comprises at least one roller assembly that comprises at least one roller. 
According to this embodiment, the clamping surface includes the tangent of the 
roller. The roller assembly may be rotatably mounted within a frame. Preferably, 
the clamp also includes a turning mechanism operably mounted to at least one roller 
assembly. 

In use, the handles of the clamp are rotated apart and material (for example, a 
jacket of a cardiac support device) is positioned in contact with the clamping 
surface. The handles of the clamp are rotated towards oneanother such that 
clamping surface engages the material. 

According to the invention, the clamping surfaces are biased together such 
that the clamping force is less than the desired tension of the fabric. When used in 
connection with a cardiac support device, it is important that the fabric tension not 
impair cardiac function. Therefore, the clamping force is preferably less than the left 
ventricular pressure during diastole. 

Once the clamp is biased at a desired clamping force, the material is pulled 
through the clamp. In the roller clamp embodiment, a turning mechanism is rotated 
to cause at least one roller to rotate. The factional contact and clamping force 
between the rollers urges the material between the rollers, thus increasing tension of 
the material. 

The clamping force of the clamping surface may optionally be varied by the 
position at which the latch is engaged. The clamp is capable of securing the material 
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until the material reaches a tension wherein the load exerted by the material exceeds 
the clamping force exerted between the clamping surface (also called the "tension 
limit"). In the roller clamp embodiment, the rollers may continue to rotate after the 
tension limit is reached, but material is no longer urged between the rollers. 
Advantageously, the rollers will slip in areas where the tension of the material has 
reached the tension limit but will continue to urge material between the rollers in 
other areas where the tension limit has not yet been reached, until the tension across 
the material is substantially uniform (e.g., at the tension limit). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side elevation view of a diseased heart in diastole with a first 
embodiment of a cardiac support device in place; 

Fig. 2 is a side elevation view of a diseased heart in diastole with a second 
embodiment of a cardiac support device in place; 

Fig. 3 is a cross-sectional view of a cardiac support device overlying a 
myocardium and with the material of the device gathered and sutured for a snugjit; 

Fig. 4 is a bottom view of an adjustment clamp according to the invention; 

Fig. 5 is a side elevation view of an alternate embodiment of an adjustment 
clamp according to the invention; 

Fig. 6 is a side elevation view of an alternate embodiment of an adjustment 
clamp according to the invention; 

Fig. 7 is a close up top view of a jaw of a clamp according to the invention; 

Fig. 8 is an exploded view of the roller assembly of the adjustment clamp; 
Fig. 9 is a partial side elevation view of an alternate embodiment of an 
adjustment clamp according to the invention; 

Fig. 10 is a side elevation view of the adjustment clamp in use; 

Fig. 1 1 is an illustration of an alternate embodiment of the adjustment clamp 

in use; 

Fig. 12 is a top view of a clamp with a malleable shaft; and 
Figs. 13 and 14 are side elevation views of a heart indicating clamping 
locations used in the Examples 1 and 2. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

The invention provides an adjustment clamp configured to adjust the tension 
of a cardiac support device such as that described in commonly assigned U.S. Patent 
Nos. 6,085,754 and 5,702,343, the disclosures of which are both incorporated herein 
by reference. Although the device of the invention is described with reference to a 
cardiac support device, the clamp may be suitable for use with a variety of other 
materials, surgical or not. Prior to discussing the adjustment clamp of the invention, 
a brief discussion of a suitable cardiac support device will be provided. 

Cardiac support device 

In general, a cardiac support device is configured to surround the 
myocardium of a heart to reduce expansion of the heart wall during diastole by 
applying constraining surfaces at least at diametrically opposing aspects of the heart 
such as the cardiac constraint device. Typically, the diametrically opposed surfaces 
are interconnected, for example, by a continuous material that can substantially 
encircle the external surface of the heart. 

With reference to Figs. 1 and 2, a cardiac support device is shown as a jacket 
1 of flexible, biologically compatible material. The jacket 1 is an enclosed knit 
material having upper and lower ends 2, 3. In the embodiment of Fig. 1, lower end 3 
is closed. In the embodiment of Fig. 2, lower end 3' is open. In both embodiments, 
upper ends 2, 2' are open. 

The jacket 1 is dimensioned with respect to a heart H to be treated. 
Specifically, the jacket 1 is sized for the heart H to be constrained within the volume 
defined by the jacket. The jacket 1 can be slipped around the heart H. The jacket 1 
has a length L between the upper and lower ends 2, 3 sufficient for the jacket 1 to 
constrain the lower portion LP of the heart H. The upper end 2 of the jacket 1 
extends at least to the valvular annulus VA and further extends to the lower portion 
LP to constrain at least ventricules of the heart H. 

Since enlargement of the lower portion LP of the heart H is generally most 
troublesome, in a preferred embodiment, the jacket 1 is sized so that the upper end 2 
can reside in the A-V groove AVG. Where it is desired to constrain enlargement of 
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the upper portion UP of the heart H, the jacket 1 may be extended to cover the upper 
portion UP. 

Once the jacket 1 is positioned on the heart H, the jacket 1 is secured to the 
heart. Typically, the jacket 1 is secured to the heart H through sutures. Typically, 

the jacket 1 is sutured to the heart H at suture locations S circumferentially spaced 

* * i j 

along the upper end 2 of the jacket 1. While a surgeon may elect to add additional 
suture locations to prevent shifting of the jacket 1 after placement, the number of 
such locations S is preferably limited so that the jacket 1 does not restrict contraction 
of the heart H during systole. 

To permit the jacket 1 to be easily placed on the heart H, the volume and 
shape of the jacket 1 are larger than the lower portion LP during diastole. So sized, 
the jacket 1 may be easily slipped around the heart H. Once placed, the jacket's 
volume and shape are adjusted for the jacket 1 to snugly conform to the external 
geometry of the heart H during diastole. .Such sizing is easily accomplished due to 
the knit construction of the jacket 1. For example, excess material of the jacket 1 
can be gathered and sutured S" (Fig. 3) to reduce the volume of the jacket 1 and 
conform the jacket 1 to the shape of the heart H during diastole. Such shape 
represents a maximum adjusted volume. The jacket 1 constrains enlargement of the 
heart H beyond the maximum adjusted volume while preventing restricted 
contraction of the heart H during systole. 

The jacket 1 is adjusted to a snug fit on the heart H during diastole. Care is 
taken to avoid tightening the jacket 1 too much such that cardiac function is 
impaired. During diastole, the ventricles of the heart H fill with blood. If the jacket 
1 is too tight, the ventricles may not adequately expand and ventricular pressure may 
rise. During the fitting of the jacket 1, the surgeon can monitor ventricular pressure. 
For example, a well-known technique for monitoring so-called pulmonary wedge 
pressure uses a catheter placed in the pulmonary artery. The wedge pressure 
provides an indication of filling pressure in the left atrium and left ventricle. While 
minor increases in pressure (e.g., 2-3 mm Hg) can be tolerated, the jacket 1 is 
snugly fit on the heart H but not so tight as to cause a significant increase in 
ventricular pressure during diastole. 
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The jacket 1, freely permits longitudinal and circumferential contraction of 
the heart H (necessary for heart function). After fitting, the jacket 1 is generally 
inelastic to prevent further heart enlargement while permitting unrestricted inward 
movement of the ventricular walls. 

If desired, the jacket 1 of the cardiac support device may be soaked in a 
solvent (such as saline) before placement on the heart. 

Adjustment Clamp 

The present invention provides an adjustment clamp suitable for adjusting 
the tension of a material such as a cardiac support device. 

Referring now to Fig. 4, the adjustment clamp 10 of the invention comprises 
a pair of intersecting arms 11, 11' and a common axis 1 2 interconnecting the 
intersecting arms 1 1, 1 V wherein the arms 1 1, 11' are capable of rotating around the 
common axis 12. Elements in common between the two arms are numbered 
identically with the addition of an apostrophe to distinguish the second aim. Such 
elements will not be separately discussed. 

The adjustment clamp 10 can be constructed using any suitable material, 
including metal, such as stainless steel or titanium or plastics such as injection 
molded plastic, for example, ULTEM® (Monsanto, St. Louis, MO). Preferably the 
arms 1 1 are constructed from a metal. 

The arms 1 1 of the clamp 10 are pivotally connected at the common axis 12 
by a pin 13 or other suitable device placed through the two arms 11. The pin 13 may 
completely penetrate one or both of the arms 1 1 or may only partially penetrate one 
or both arms 11. 

The arms 1 1 each comprise a handle 14, a jaw 15 and a shaft 16 connecting 
the handle 14 and jaw 15. The handle 14 preferably comprises a finger loop 17 and 
a latch 18. The finger loop 17 of the handle is generally of a size sufficient to 
accommodate human fingers. The latch 18 of each handle 14 is attached on the 
inferior surface of the handle 14 such that the latches 18 of each handle 14 are 
directly opposed when the two arms 1 1 of the clamp 10 are pulled together at the 
handle 14. When the handles 14 are pulled together, the latching surface 19 of each 
latch 18 engages, thereby engaging the latching teeth 10 and locking the clamp 10 at 
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a desired position. Preferably, the latch 18 comprises multiple teeth 20 on the 
latching surface 19 such that the handles 14 can be latched at a variety of positions. 
For example, as the handles 14 of the clamp 10 are brought together, a first set of the 
teeth 20 are engaged. If additional pressure is applied to urge the handles 14 closer 
together, a second set of teeth 20 are engaged. If still more pressure is applied, a 
third set of teeth 20 are engaged. The teeth 20 are released by distorting the arms 1 1 
(typically using the finger loops 17) to temporarily disengage the teeth 20 and allow 
the clamp 10 to be opened. 

The jaw 15 comprises a contact surface 23. In one embodiment, the contact 
surface 23 comprises an essentially flat surface that is configured to engage the 
contact surface 23' of the opposing arm 1 1 (Fig. 6). In a preferred embodiment, the 
contact surface 23 is smooth. However, the contact surface 23 can be covered with a 
compliant material (such as expanded silica tubing) to increase frictional contact 
between the clamping surfaces 61, if desired. Other suitable compliant materials 
include rubber and urethane. In yet another embodiment, the contact surface 23 can 
be textured to enhance frictional contact, for example, the surface 61 may be serrated 
or ribbed. Preferably, the length of the jaw 15 ("LL") is approximately the same 
(e.g., plus or minus 1 inch) as the length ("L") of the cardiac support device. 
Generally, the length of the jaw 15 is between about 3 to 4 inches. 

In another embodiment, at least one jaw 15 of the clamp comprises a roller 
assembly 21 (Fig. 7). In a preferred embodiment, the jaws 15 of each arm 1 1 
comprise roller assemblies 21 that are operably engaged when the handles 14 are 
rotated toward each other. A roller assembly 21 comprises at least one roller 22 that 
is generally elongate (e.g., typically between about 3 and 4 inches in length). 
Generally, the preferred length of the roller 22 and/or roller assembly 21 will be 
affected by the length of the cardiac support device (10 to 20 cm or 4 to 8 inches) to 
be tightened. Generally, the roller 22 is cylindrical in shape (having a diameter 
between about 0.5 and 1.0 inches). The roller diameter is preferably as small as 
functionally possible, to maintain a low profile. 

The roller 22 comprises a contact surface 23 and a first 24 and second 25 
face. Generally, an axle 26 is positioned at approximately the center of each face 24, 
25 of each roller 22 such that the roller 22 is rotatable about the axle (i.e., the 
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longitudinal axis AA-AA' of the roller 22) (Fig. 8). In one embodiment, the axle 26 
extends longitudinally along the axis of the roller 22. In another embodiment, an 
axle 26 is mounted to each of the first 24 and second 25 faces of the roller 22. The 
contact surface 23 of each roller is preferably designed to enhance frictional contact. 
For example, the contact surface 23 of the roller 22 can be compliant. For example, 
the contact surface 23 of the roller 22 may be covered with a compliant material. In 
one embodiment, the roller 22 is covered with solvent expanded silica tubing that is 
placed over the roller and allowed to dry. 

Alternately, the roller 22 may be covered with another suitable compliant 
material, for example, rubber, or urethane. In yet another embodiment, the contact 
surface 23 of the roller 22 can be textured to enhance frictional contact, for example, 
the surface 23 may be serrated or ribbed. 

In one embodiment, the roller 22 is mounted to the arm 1 1 of the clamp 10 
using the arm 11 as an axle 26. Alternately, the roller assembly 21 may comprise an 
elongate frame 27. Generally, the frame 27 comprises a longitudinal support 28 and 
a first 29 and second 30 receiving end. Each receiving end 29, 30 comprises a 
mechanism, such as an aperture or lip, for receiving the roller 22 axle 26 such that 
the axle 26 is rotatably mounted within the frame 27. When the handles 14 of the 
clamp 10 are rotated towards one another and the latch 18 is engaged, the 
longitudinal axes AA-AA' of the rollers 22 are substantially parallel. The contact 
surfaces 23 of the rollers 22 may or may not be in factional contact. 

The clamp 10 also includes a turning mechanism 31 operably mounted to at 
least one roller assembly 21 via a draft shaft 33. The turning mechanism 31 includes 
a control lever 32 configured to be manually or automatically rotated about an axis 
to cause the roller 22, to which it is operably connected, to rotate. In one 
embodiment, the turning mechanism 31 and drive shaft 33 are coaxial with a 
longitudinal axis AA-AA 1 of the roller 22. In an alternate embodiment, the drive 
shaft 33 is not coaxial with the longitudinal axis AA-AA' of the roller 22. For 
example, the drive shaft 33 may be operably connected to the roller 22 by a 
universal joint. The control lever 32 may be rotated about the longitudinal axis AA- 
AA 1 in either a counterclockwise or clockwise direction. In a preferred embodiment, 
the clamp 10 includes only one turning mechanism 31 operably mounted to a first 
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roller assembly 21, wherein the first roller assembly 21 functions as a driver and the 
second (or remaining) roller assembly 21 is passive. 

The handle 14, jaw 15 and shaft 16 of each arm 1 1 may be in substantially 
the same plane. Alternately, the shaft 16 is non-linear such that the handle 14 and 
jaw 16 of the arms 11 are essentially parallel, but lying in a different plane (See 
Figure 5). 

In one embodiment, the jaw 15 is substantially linear. In an alternate 
embodiment, the jaw 15 is non-linear. (See, Figure 9). If the jaw 15 comprises a 
roller assembly 21 and is curved, each roller assembly 21 preferably comprises more 
than one roller 22. In this embodiment, the plurality of rollers 22 are preferably 
operably connected, for example, with a universal joint or torque cable, such that 
rotation of a first roller 22 drives the neighboring rollers to rotate in the same 
direction (e.g., clockwise or counterclockwise). 

In use, the handles 14 of the clamp 10 are rotated apart and material (for 
example, a jacket 1 of a cardiac support device) is positioned between the contact 
surfaces 23 of the jaws 15. The handles 14 of the clamp 10 are rotated towards one 
another to engage the latch 18 such that the contact surfaces 23 engage the material. 
(The force exerted between the contact surfaces 23 is referred to as the clamping 
force). If the jaws 15 comprise a flat contact surface 23 (Fig. 6), the material is 
pulled through the jaws 15 of the clamp. In one embodiment, the material is pulled 
through the jaws 15 manually. The clamp 10 will secure the material until the 
material reaches a tension wherein the load exerted by the material exceeds the 
clamping force exerted between the contact surfaces 23 of the jaws 15 (also called 
the "tension limit"). 

If the clamp 10 includes at least one roller assembly 21, the control lever 32 
is rotated to cause the driver roller 22 to rotate. The factional contact and clamping 
force between the rollers 22 urges the material between the rollers 22, thus 
increasing tension of jacket 1 of the cardiac support device. Once the material 
reaches a tension wherein the load exerted by the material exceeds the clamping 
force exerted between the rollers 22 (also called the "tension limit"), the rollers 22 
may continue to rotate, but material is no longer urged between the rollers 22. In 
other words, the rollers 22 "slip". Advantageously, the rollers 22 will "slip" in some 
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areas where the tension of the material has reached the tension limit but will 
continue to urge material between the rollers 22 in other areas where the tension 
limit has not yet been reached until the tension across the jacket 1 at the tension 
limit. 

Once the desired tension of the jacket 1 has been obtained, the excess 
material 50 of the jacket 1 can be cut along the top of the clamp 10 and sutured. (Fig. 
10) 

Generally, as the handles 14 of the clamp 10 are urged closer together the 
clamping force exerted between the contact surfaces 23 of the jaws 15 increases, 
thus increasing the "tension limit" of the material. Accordingly, the handles 14 of 
the clamp 10 are preferably configured to be latched in a variety of positions by the 
teeth 20 of the latch 1 8 such that various "tension limits" can be achieved. The final 
tension of the material is determined by the tension at which the jaws 15 no longer 
secure the fabric from the cardiac support device (e.g., the rollers 22 are slipping 
across the entire contact surface 23). 

Preferably the contact surfaces 23 of the jaw 15 are biased together such that 
the clamping force exerted between the contact surfaces 23 of the jaws 15 is less 
than the desired tension of the fabric. When used in connection with a cardiac 
support device, it is important that the fabric tension not impair cardiac function. 
Preferably the clamping force between the contact surfaces 23 is less than the left 
ventricular pressure of the heart during diastole. 

In use with a cardiac support device, the proximate end 34 of the clamp 10 
(i.e., the part of the jaw 15 proximate the common axis) is preferably positioned 
proximate apex A of the heart. (Fig. 10) Generally, the tension limit at the distal end 
35 of the clamp (e.g., proximate the upper end 2 of the jacket 1 when in used) tends 
to be lower than the tension limit proximate the proximate end 34 of the clamp (e.g., 
proximate the lower end 3 of the jacket 1 in use). Typically, the tension limit at the 
distal end 35 of the clamp 10 is between about 0.04 pounds to 0.05 pounds whereas 
the tension limit at the proximate end 34 of the clamp 10 is between about 0.07 and 
0.10 pounds. 


10 


WO 02/38081 


PCT/US01/47234 


Rail Mounted Cardiac support device Adjustment Clamp 

Optionally, the clamp 10 of the invention, a conventional surgical clamp, 
such as a DeBakey clamp, available from Scanlan International (Minneapolis, MN) 
can be attached to an apparatus that is maintained stationary relative to the patient P 
(herein referred to as a "stationary apparatus 40") (Fig.l 1). For example, the 
stationary apparatus 40 can be mounted to the patient's thorax or chest. One 
example of a stationary apparatus 40 is a rib retractor. 

In a preferred embodiment, a clamp 10 having a malleable shaft is mounted 
to the stationary apparatus 40. For example, a clamp 10 with a malleable metal shaft 
can be used. Alternately, a clamp 10 with a segmented shaft can be used (for 
example, the V. Mueller segmented surgical clamp commercially available from 
Allegiance Corporation) in which at least one wire 60 is run through the malleable 
shaft 16 such that, when the handles 14 are latched together, the wire 60 is drawn 
taut, thereby bringing the jaws 15 of the clamp 10 together. (Fig. 12) 

According to this embodiment, the clamp 10 is mounted to the stationary 
apparatus 40 in such a manner that operating medical personnel would not have to 
hold onto the clamp during surgery, thereby providing hands-free operation and 
increasing the field of vision. (See Figure 1 1) Advantageously, when the clamp 10 
is mounted to the stationary apparatus 40, the weight of the clamp handles 14 is less 
likely to inadvertently reposition the cardiac support device 1 because the clamp 10 
is less likely to move relative to the patient P. 

EXAMPLES 
Example 1 : Roller Clamp Study 

Procedure : 

A cardiac support device (Model No. 77-0109-002 available from Acorn 
Cardiovascular, Inc., St. Paul, MN) was soaked in a saline solution for 0.2 minutes 
and then placed on a model heart. A Sensotec load cell (part no. 20-0514-001; 
calibration no. ME-050-0, available from Sensotec (Columbus, Ohio) was calibrated 
down to .001 pounds and placed between the cardiac support device and the cardiac 
surface at predetermined location on the heart. 
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The proximal end of the clamp was positioned at the apex of the heart and 
the cardiac support device was tightened until the rollers slipped across the entire 
clamping surface. The load in pounds was then recorded. This procedure was 
repeated at six locations on the model heart. (See Figs. 13 and 14) These six 
locations are considered as one group. The measurements were performed for five 
groups. 


Results: 


Group 

1 

2 

3 

4 

5 

Avg. 

Std. 

Deviation 

Location 1 

0.053 

0.056 

0.048 

0.055 

0.048 

0.052 

0.003808 

2 

0.059 

0.060 

0.065 

0.049 

0.051 

0.057 

0.006648 

3 

0.048 

0.055 

0.049 

0.060 

0.045 

0.051 

0.006025 

4 

0.012 

0.085 

0.100 

0.070 

0.110 

0.097 

0.019875 

5 

0.030 

0.053 

0.049 

0.044 

0.058 

0.047 

0.010710 

6 

0.090 

0.110 

0.070 

0.069 

0.085 

0.085 

0.016814 

Avg. 

0.067 

0.070 

0.064 

0.056 

0.066 



Std 

0.032641 

0.022956 

0.020187 

0.010534 

0.025888 



Deviation 













All 30 

Avg. 

0.0648 






Readings 









Std. 

0.022276 







Dev. 



Generally, the force applied between the model heart and the cardiac support 
at the tension limit fell between 0.03 and 0.12 pounds. The averages of 
locations 1, 3 and 5 (which are all near the hem area of the cardiac support device) 
are 0.052, 0.051 and 0.047 pounds, respectively, and are very close in value, 
although they are lower than the averages of locations 2, 4 and 6 (0.075, 0.097 and 
0.085, respectively) which are also close to each other (near the apex of the cardiac 
support device). 

Conclusion 

The roller clamp showed repeatability in force applied each time it was used. 
Additionally, the cardiac support device was tightened uniformly around the heart. 
Furthermore, when the fabric of the device starts slipping at the tightest point, it 
continues to take up excess fabric along the rest of the device. 
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Example 2: Fresh Pig Heart 

The same experiment described above in Example 1 was performed on a 
fresh pig heart (Le., a heart obtained from a pig on the day it was sacrificed). 


Results: 


Group 

1 

2 

3 

4 

5 

Avg. 

Std. 

Deviation 

Location 1 

0.025 

0.031 

0.028 

0.028 

0.027 

0.0278 

0.002168 

2 

0.030 

0.025 

0.020 

0.028 

0.029 

0.0264 

0.004037 

3 

0.029 

0.017 

0.017 

0.029 

0.023 

0.0230 

0.006000 

4 

0.032 

0.032 

0.032 

0.027 

0.024 

0.0294 

0.003715 

5 

0.025 

0.028 

0.023 

0.020 

0.022 

0.0236 

0.003050 

6 

0.029 

0.026 

0.031 

0.029 

0.032 

0.0294 

0.002302 

Avg. 

0.028333 

0.026500 

0.025167 

0.026833 

0.026167 



Std. 

0.002805 

0.005394 

0.006113 

0.003430 

0.003869 



Deviation 









Conclusion 

As with Example 1, the roller clamp showed repeatability in force applied 
each time it was used and was tightened uniformly around the heart. Again, the 
device continued to take up excess fabric along the rest of the device when the fabric 
of the device began slipping at the tightest point. 
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WHAT IS CLAIMED IS: 

1 . A clamp for tensioning a cardiac support device, said cardiac support device 
configured for treating cardiac disease of a heart having a left diastolic 
ventricular pressure, said clamp comprising: 

-a first and a second intersecting arm wherein each arm comprises: 
-a handle comprising a latching mechanism; 
-a jaw comprising a contact surface; and 
-a shaft connecting said handle and said jaw, 
wherein said latching mechanism is configured to bias said contact surfaces 
of said jaws together at a clamping force that is less than the left diastolic ventricular 
pressure of said heart 

2. A device according to claim 1, wherein said jaw comprises a flat contact 
surface. 

3. A device according to claim 1, wherein at least one jaw of said clamp 
comprises a roller assembly. 

4. A clamp comprising: 

-a first and a second intersecting arm wherein each arm comprises: 
. -a handle; 

-a jaw, wherein at least one jaw of said clamp comprises a roller 
assembly; and 

-a shaft connecting said handle and said jaw; and 
-a turning mechanism operably mounted to at least one roller assembly. 

5. A device according to claim 4, wherein said handle further comprises a 
finger loop. 

6. A device according to claim 4, wherein each handle further comprises a latch 
mounted to an inferior surface of said handle wherein said latch of said first arm 
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directly opposes said latch of said second arm when said arms of said clamp are 
rotated towards each other. 

7. A device according to claim 6, wherein said latch comprises a latching 
surface with a plurality of latching teeth. 

8. A device according to claim 4, wherein said roller assembly comprises at 
least one roller. 

9. A device according to claim 8, wherein said roller is operably mounted to a 
frame. 

10. A device according to claim 8, wherein said roller comprises an axel, said 
axel comprising said arm of said clamp.. 

11. A device according to claim 4, wherein said roller assembly comprises a 
plurality of rollers. 

12. A device according to claim 8, wherein said roller comprises a contact 
surface. 

13. A device according to claim 12, wherein said contact surface is compliant. 

14. A device according to claim 12, wherein said contact surface comprises silica 
tubing. 

15. A device according to claim 12, wherein said contact surface is textured. 

16. A device according to claim 15, wherein said contact surface is serrated or 
ribbed. 
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.17. A device according to claim 4, wherein said turning mechanism comprises a 
control lever capable of being manually or automatically rotated. 

18. A device according to claim 4, wherein said turning mechanism is operably 
connected to one roller assembly. 

19. A device according to claim 4, wherein said roller assembly is substantially 
linear. 

20. A device according to claim 4, wherein said roller assembly is non-linear. 

21. A device according to claim 20, wherein said roller assembly comprises a 
plurality of operably connected rollers. 

22. A method for increasing tension in a material, comprising: 
-frictionally engaging said material with a clamp, said clamp comprising: 

- a first and a second arm, said arms intersecting at a common axis, 
wherein each arm comprises: 
-a handle; 

-a jaw, wherein said jaw arm comprises a contact surface; and 
-a shaft connecting said handle and said jaw; and 
-urging said material through said jaws of said clamp. 

23. The method of claim 22, wherein said jaw of at least one aim comprises a 
roller assembly and a turning mechanism and said turning mechanism is employed 
to rotate at least one roller, thereby urging said material between said rollers. 

24. A method according to claim 22, further comprising a step of cutting said 
material along said clamp and suturing said material once a desired tension of said 
material has been obtained. 
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25. A method according to claim 22, wherein said material comprises a cardiac 
support device. 

26. A method according to claim 25, wherein said cardiac support device is 
positioned on a heart having a longitudinal axis from an apex to a base and 
ventricular lower extremities adjacent said apex, said cardiac support device 
comprising: 


a jacket of flexible material of knit construction defining a volume 
between an open upper end and a lower end, said jacket dimensioned 
for said apex of said heart to be inserted into said volume through 
said open upper end and for said jacket to be slipped over said heart, 
said jacket further dimensioned for said jacket to have a longitudinal 
dimension between said upper and lower ends sufficient for said 
jacket to constrain said ventricular lower extremities. 

27. A method according to claim 26, further comprising a step of positioning a 
first end of said jaws, proximate said common axis, proximate said apex of said 
heart. 
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FIG. 5 
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FIG. 7 
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